Objectives-Nationwide among nursing home residents, receipt of the influenza vaccine is 8 to 9 percentage points lower among blacks than among whites. The objective of this study was to determine if the national inequity in vaccination is because of the characteristics of facilities and/or residents.
Measurements-Residents' influenza vaccination status (vaccinated, refused vaccine, or not offered vaccination).
Results-States with higher overall influenza vaccination coverage among nursing home residents had smaller racial inequities. In nursing homes with higher proportions of black residents, vaccination coverage was lower for both blacks and whites. The most dramatic inequities existed between whites in nursing homes with 0% blacks (L1) and blacks in nursing homes with 50% or more blacks (L5) in states with overall racial inequities of 10 percentage points or more. In these states, more black nursing home residents lived in nursing homes with 50% or more blacks (L5); in general, the same homes with low overall coverage.
Conclusion-Inequities in influenza vaccination coverage among nursing home residents are largely because of low vaccination coverage in nursing homes with a high proportion of black residents. Findings indicate that implementation of culturally appropriate interventions to increase vaccination in facilities with larger proportions of black residents may reduce the racial gap in influenza vaccination as well as increase overall state-level vaccination.
Keywords
Immunization; long term care; racial inequities Nationally, influenza vaccination coverage among nursing home residents has risen only slightly according to the latest data from the Centers for Medicare & Medicaid Services (CMS), from 66.4% in 2004 to 69.5% in 2009, [1] [2] [3] remaining well below the Healthy People 2010 and 2020 goals of 90%. 4 Receipt of influenza vaccine was 8 to 9 percentage points lower among blacks than among whites in nursing homes from 2005 through 2009. 1, 3, 5, 6 From state to state, racial differences are highly variable among nursing home residents, from 2 percentage points higher for blacks than whites in Alaska but lower for blacks than whites in most states and up to 21 percentage points lower in Michigan. 6 In a previous study, we examined the racial inequity in influenza vaccination among nursing home residents in Michigan. 7 An inequity is defined as the unequal distribution of health determinants, outcomes, and resources within and between segments of the population, regardless of social standing. 8 Thus, we defined racial inequity as the difference between white and black nursing home residents in receipt of the influenza vaccine. To examine racial inequity, we used multilevel modeling, a method that allows for estimating the vaccination status for whites and blacks for each nursing home 9 while adjusting for facilitylevel characteristics, such as type of ownership (eg, proprietary, nonprofit, or government) and the proportions of whites and blacks in the home; resident-level characteristics, such as age and gender; and the variability in vaccination coverage among nursing homes. We found that the inequity in influenza vaccination coverage was largely because of between-facility differences. Further, the differences were observed between facilities based on racial composition of the facility. In facilities where all residents were white, an adjusted 81.7% of white residents were vaccinated; however, in facilities where 50% or more of the residents were black, an adjusted 46.3% of all residents were vaccinated. In contrast, within-facility differences were small: in the facilities where 50% or more of the residents were black, median coverage was only 5.3 percentage points higher among whites than blacks (an adjusted 50.7%). Although contributing less to the overall gap than the between-facility differences, this small within-facility difference shows that individual-level characteristics also were related to the inequities. The within-facility difference was partly because of blacks refusing the influenza vaccine more often than whites.
It is unknown whether racial inequities in influenza vaccination among nursing home residents in other states follow the pattern identified in Michigan. Therefore, we used multilevel analysis for each state to estimate vaccination status for residents for the 2008 to 2009 influenza season, adjusted for facility-and individual-level characteristics. Our results are stratified by state into groupings that reflect the degree of inequity in influenza vaccination among nursing home residents in the states, and, as in the previous study, stratified by nursing homes into groupings that reflect the proportion of white and black residents in each nursing home.
Methods
We define racial inequities as the difference between vaccination coverage among white residents and black residents. Because the objective of our study was to determine if racial inequities in influenza vaccination among nursing home residents in other states follow the same pattern identified in Michigan, we limited our analysis to the states in which 1% or more of nursing home residents were black (n = 40; 39 states and the District of Columbia) and the difference in influenza vaccination coverage between white and black nursing home residents was 1 or more percentage point for the 2008 to 2009 influenza season ( Figure 1A ). We computed a multilevel analysis for each state. The outcome of each model was the resident-level adjusted vaccination status for each nursing home. For each state, medians of vaccination status for whites and blacks are reported for each stratum of nursing homes by the proportion of black residents.
Study Population
Our study population included 2,359,321 nursing home residents from 14,998 facilities certified by the CMS in the 39 states and the District of Columbia ( Figure 1A and B). Data were obtained from resident assessment instruments completed from October 1, 2008, through March 31, 2009. By law, these assessments are completed using medical records for all residents in Medicare/Medicaid-certified facilities by nurses at admission, quarterly thereafter, and when any significant change in condition occurs. 10 
Multilevel Model
The dependent variable in each model was each resident's influenza vaccination status (vaccinated inside or outside the nursing home, refused vaccine, and not offered vaccination). The immunization supplement to the required assessment asks, "Did the resident receive the influenza vaccine in this facility for this year's influenza season (October 1 through March 31)?" The next question asks, "If influenza vaccine was not received, state reason: (1) not in facility during this year's flu season; (2) received outside of this facility; (3) not eligible; (4) offered and declined; (5) not offered; and (6) inability to obtain vaccine." For most residents, data were available from more than one assessment for the 2008 to 2009 influenza season. If more than one vaccination status was indicated, we assigned a single status: vaccinated, if vaccination was ever documented; followed by contraindicated; refused; or not offered. For example, if a resident's records indicated both that the vaccine had been refused and that vaccine had not been offered, the resident was considered to have refused vaccine. 2 The multilevel models were adjusted for 3 resident-level factors: gender, age, and race. The assessment instrument has one variable for race/ethnicity with responses of (1) American Indian/Alaskan Native, (2) Asian/Pacific Islander, (3) black, not of Hispanic origin, (4) Hispanic, and (5) white, not of Hispanic origin. The multilevel models were also adjusted for 2 facility-level factors: the total number of residents in the facility and the proportion of black residents in the facility during the influenza season. Because of small sample sizes for races/ethnicity other than white and black, vaccination coverage estimates for other races/ ethnicity are not presented.
Statistical Analysis
To assess for a pattern in inequity in vaccination among nursing home residents in the 39 states and the District of Columbia, we first calculated and plotted state-level, unadjusted inequity in vaccination coverage among nursing home residents versus the proportion of nursing home residents vaccinated, the proportion of nursing home residents vaccinated versus the proportion of black nursing home residents, and the inequity in vaccination coverage among nursing home residents versus the proportion of black nursing home residents. We conducted simple linear regression to assess statistical significance.
To further assess whether a pattern exists in the 39 states and the District of Columbia, we conducted a multilevel analysis for each state. From the models' odds for likelihood of vaccination status in each nursing home, we calculated the percent vaccinated, percent offered vaccine, and the percent that refused vaccine for whites and blacks for each nursing home, adjusting for covariates. For each state, median adjusted vaccination coverage is given for nursing homes in 5 levels: with 0% (L1), 0.1% to 4.9% (L2), 5.0% to 19.9% (L3), 20.0% to 49.9% (L4), and 50% or more (L5) black residents. To examine variability in vaccination between nursing homes, we tested the significance of a random intercept (ie, null hypothesis of variance equal to zero) in the multilevel model that included all facilities in the state. States were grouped by the degree of inequity in each state (ie, 1.0-4.9 percentage points, 5.0-9.9 percentage points, and ≥10 percentage points). To compare vaccination coverage within racially mixed nursing homes (i.e., ≥1 black resident in the facility) in each state, we examined those homes separately (n = 11,157 nursing homes).
For each state, we also examined the distribution of black residents across the strata of racially mixed nursing homes. Last, we examined adjusted probabilities of not being offered vaccine and vaccine refusal for whites and blacks.
We used HLM v.6.08 software (Scientific Software International, Inc., Lincolnwood, IL) to conduct the multilevel analyses. This study was reviewed by the Human Subjects Coordinator at the Centers for Disease Control and Prevention and as an analysis of secondary data without identifiers, was determined not to require Institutional Review Board review.
Results
Influenza vaccination coverage among nursing home residents in the 39 states and the District of Columbia varied widely (median = 72.7%, range: 49.4%-80.9%); adjusted vaccination coverage by quartiles was 49.4%-68.3%, 68.4%-72.8%, 72.9%-76.8%, and 76.9%-80.9% ( Figure 1B) . The median state vaccination coverage among white nursing home residents was 74.1% and for black residents was 66.0%, a difference of 8.1 percentage points. Overall, inequity in vaccination among nursing home residents decreased as vaccination coverage among nursing home residents increased (β = −40.6, P = .07) ( Figure  2) ; however there was no relationship between the state-level proportion of nursing home residents vaccinated and the proportion of black nursing home residents (β = −3.2, P = .68) (Figure 3) , nor between inequities in vaccination coverage among nursing home residents and the proportion of black nursing home residents (β = −0.01, P = .81) (Figure 4 ). Unadjusted inequities of 10 or more percentage points existed in 10 states, of 5.0 to 9.9 percentage points in 17 states, and 1.0 to 4.9 percentage points in 12 states and the District of Columbia. In Alaska, influenza coverage among black nursing home residents was 2 percentage points higher than among white nursing home residents.
In the stratum of states with influenza vaccination inequities of 10 or more percentage points, the median adjusted vaccination coverage was highest in L1 facilities (range: 67.7%-88.0%) and lowest among white and black residents in L5 facilities (range for whites: 40.4%-71.3%; for blacks: 37.1%-64.2%) ( Table 1 ). In states with vaccination inequities of 5.0 to 9.9 percentage points, findings were similar but the differences were less marked. In states with inequities of 1.0 to 4.9 percentage points, differences in vaccination coverage were small. When comparing median adjusted differences of proportions for whites and blacks within each racially mixed nursing home in each state (n =11,157 nursing homes), we found the white-black differences within nursing homes were small (median difference range: 2.1-2.5).
Compared with states where inequities were fewer than 10 percentage points, in states with 10 or more percentage point inequities, blacks disproportionately lived in L5 nursing homes (43.6%), compared with the other states (states with 5.0-9.9 percentage point inequities: 25.5%; states with 0.1-4.9 percentage point inequities: 27.8%).
The median probability of not being offered vaccine was highest for all residents of nursing homes in the states with inequities of 10 or more percentage points (range: 11.1% among whites in homes with no blacks -24.1% among blacks in homes with 50% or more blacks), followed by states with 5.0 to 9.9 percentage point inequities (range: 9.5% among whites in L1 homes -18.1% among blacks in L5 homes) and states with 0.1 to 4.9 percentage point inequities (range 9.0% among whites in L1 homes -13.0% among blacks in L5 homes).
State median probabilities of refusing vaccine were highest for blacks and whites among all strata of nursing homes in the states with inequities of 10 or more percentage points (range: 8.4% among whites in L1 homes -15.9% among blacks in L5 homes), followed by states with 5.0 to 9.9 percentage point inequities (range: 6.0% among whites in L1 homes -11.7% among blacks in L5 homes) and states with 0.1 to 4.9 percentage point inequities (range 7.0% among whites in L1 homes -10.1% among blacks in L5 homes).
Discussion
In general, the smallest inequities in coverage between white and black nursing home residents were observed in states with the highest overall influenza vaccination coverage among nursing home residents. Similar to what we found in Michigan, in states with influenza vaccination inequities of 10 or more percentage points, coverage varied more between homes categorized according to racial composition of residents than it did within homes. Both for states with more than 10 percentage points and 5.0 to 9.9 percentage point inequity, coverage for both white and black residents decreased as the proportion of black residents increased. Along with this, in the states with the greatest inequities, black residents disproportionately lived in nursing homes with 50% or more blacks (L5 homes). Thus, blacks disproportionately residing in homes where coverage is low was the main contributor to inequities at the state level. In addition, in most nursing homes in most states, coverage among blacks was almost always lower than among whites, although these differences were smaller than the differences between the groups of homes categorized by racial composition.
From our results, derived from modeling each state independently, it is reasonable to conclude that the patterns of racial differences we found are because of factors that vary from nursing home to nursing home rather than because of factors that vary by state or region. In our models, use of random effects accounted for the variability in vaccination coverage between nursing homes in each state. That is, differences in vaccination coverage, refusals, or not being offered the vaccine because of unmeasured factors at the facility level, were held constant across states. Because vaccination coverage is higher in some states in L5 homes (≥ 50% black residents), those states may have a higher prevalence of the nursing home-level factors associated with better coverage.
Many of the states in which black nursing home residents disproportionately lived in L5 homes (≥ 50% blacks) were also among the lowest quartile of states in terms of overall vaccination coverage in nursing home residents. Other studies have found that the proportion of black residents in nursing homes correlates with the proportion of Medicaid residents, and correspondingly, with lower reimbursement for most services. 11 However, influenza vaccination coverage among nursing home residents increases as the proportion of residents on Medicaid increases. 12 Therefore, our results suggest that the proportion of black residents is a strong contributor to inequities in vaccination, even without controlling for Medicaid at the individual level, which very well may have decreased the gap.
Although annual influenza vaccination (1) is recommended for all nursing home residents by the Advisory Committee on Immunization Practices (ACIP), 13 (2) is funded by Medicare, and (3) is required by CMS to be offered to all nursing home residents for facility certification, 14 inequities in offering vaccine among nursing homes remain. In fact, another study recently published that excluded many groups of nursing home residents indicated for the influenza vaccine by the ACIP, still found that blacks tend to reside in homes that have lower vaccination rates in general than whites, and that blacks are less likely to be vaccinated in the same facility as whites. 15 These results suggest that a targeted effort to understand and overcome barriers to vaccination in facilities with low coverage where 50% or more of residents are black could substantially reduce disparities. Because our results suggest the differences lie at the facility level, unmeasured factors, such as the degree of implementation of facility vaccination programs, the beliefs of staff, and/or the race/ ethnicity of staff, may play important roles in receipt of vaccine among nursing home residents. Further studies are needed to explore how vaccine-offering levels change in light of the CMS requirement of offering the vaccine to be certified.
A limitation of this study is that we did not have level of vaccination coverage among health care workers in the nursing homes, which may well have been associated with the residentlevel vaccination coverage. In addition, vaccination status on the Minimum Data Set has not been validated. Although the data used are reported from chart reviews by facility staff, no systematic quality checks for vaccination information are conducted; thus, vaccination could be underreported or status could be misclassified. Also, these data cannot be used for an analysis of disparities that may exist for persons of Hispanic ethnicity: "Hispanic" is a mutually exclusive choice from white and black and therefore potential disparities for persons of Hispanic ethnicity cannot be thoroughly examined, because some persons of Hispanic ethnicity may select their race instead of their ethnicity. Further, we did not have information on the race or ethnicity of the nursing home staff.
We did not adjust for individual-level socioeconomic status (SES) in our analysis. Our primary objective was to determine whether state-level disparities in vaccination were largely attributable to black nursing home residents being concentrated in nursing homes where coverage was low (regardless of resident race). Therefore, we sought to describe the pattern of these disparities, not to explain the potential contribution of SES to them. We do not anticipate that adjusting for SES would affect results related to within nursing home vaccination differences by race because SES within nursing homes is fairly homogeneous regardless of race. 16, 17 In a previous analysis conducted in Michigan, 7 results were unchanged when SES was adjusted for compared with when it was not, that is, we found similar low vaccination coverage in nursing homes with a high proportion of black residents and small within-nursing home black-white differences persisted (results from the unadjusted are unpublished).
Our data demonstrate the heterogeneity in vaccination coverage among states overall, and between strata defined on the basis of resident racial composition. A strength of our study is that our analytic approach of stratifying by state (ie, holding state constant) adjusts for regional differences in access to health care. This is important because race and region are highly significant confounders of the relationship between use of facility-wide standing orders for influenza vaccination with receipt of the influenza vaccine. 12 Influenza vaccination inequity is negligible among residents of nursing homes with standing order protocols for vaccination. 18 Because use of standing orders among nursing homes is low (40%), 17 intervention studies are needed to determine the extent of barriers to establishing standing orders as well as the impact of implementation of policies, such as standing orders, on narrowing disparities and to identify other effective interventions at both the facility and individual levels. The finding that states with higher overall coverage among nursing home residents have lower inequities may provide a source of insight into narrowing inequities in other states. More research is needed to identify facility-level characteristics, including vaccination policies, which result in higher coverage for all residents.
Conclusion
The smallest inequities in coverage between white and black nursing home residents were observed in states with the highest overall influenza vaccination coverage among nursing home residents. Inequities in influenza vaccination coverage among nursing home residents are largely a result of low vaccination coverage in nursing homes with a high proportion of black residents. Findings indicate that implementation of culturally appropriate interventions to increase vaccination in facilities with larger proportions of black residents may reduce the racial gap in influenza vaccination as well as increase overall state-level vaccination. n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 
